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FOREWORD 


This  report  is  a documentation  of  the  RADCAT  Vehicle 
002  radar  cross  section  measurements  program  which  was 
sponsored  by  the  U.S.  Army  Advanced  Ballistic  Missile  De- 
fense Agency.  The  program  was  conducted  during  the  period 
15  August  1971  to  15  November  1971  under  Contract  number 
F30602-72-C-0025  for  Rome  Air  Development  Center  under  the 
auspices  of  RADC  Project  Engineer  Mr.  Daniel  L.  Tauroney. 

This  report,  designated  as  General  Dynamics  Report  No. 
FZE-1143,  was  prepared  by  Mr.  D.  0.  Cisco.  Major  contribu- 
tions to  this  program  were  made  by  Mr.  W.  A.  Pierson. 

This  technical  report  has  been  reviewed  and  is  approved. 


RADC  Project  Engineer, 

DANIEL  L.  TAURONEY 
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ABSTRACT 


The  results  of  a radar  cross  section  measurement  pro- 
gram involving  the  precision  Radar  Calibration  Target  (RADCAT) 
Vehicle  002  are  presented  herein.  Coherent  long- pulse  signa- 
tures obtained  at  measurement  frequencies  of  1.28,  2.85,  and 
5.65  gigahertz  are  presented  and  discussed  in  relation  to 
similar  data  obtained  in  1967  on  the  RADCAT  Vehicle  001. 
Short-pulse  measurements,  coherent  at  5.65  gigahertz  and 
noncoherent  at  2.4  gigahertz,  were  also  obtained  on  RADCAT 
Vehicle  002  and  are  presented.  Comparisons  are  made  between 
the  long-pulse  response  of  Vehicles  001  and  002,  between 
signatures  of  Vehicles  001,  002,  and  those  from  a half-scale 
model  of  the  calibration  target,  and  between  the  long-pulse 
response  of  Vehicles  001,  002,  and  the  computed  response 
based  on  a physical  optics  formulation. 
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D-17 

D-17 

VEHICLE  001  AMPLITUDE  RESPONSE;  S-BAND, 
POLARIZATION,  0-DEGREE  ROLL 

W 

D-18 

D-18 

VEHICLE  001  PHASE  RESPONSE;  S-BAND,  VV 
POLARIZATION,  0-DEGREE  ROLL 

D-19 

D-19 

VEHICLE  001  AMPLITUDE  RESPONSE;  S-BAND, 
HH  POLARIZATION,  0-DEGREE  ROLL 

D-20 

D-20 

VEHICLE  001  PHASE  RESPONSE;  S-BAND,  HH 
POLARIZATION,  0-DEGREE  ROLL 

D-21 

D-21 

VEHICLE  001  AMPLITUDE  RESPONSE;  S-BAND, 
"f 4 */4  POLARIZATION,  0-DEGREE  ROLL 
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D-22 

D-22 

VEHICLE  001  PHASE  RESPONSE;  S-BAND 
77/4  nf 4 POLARIZATION,  0-DEGREE  ROLL 

D-23 

D-23 

VEHICLE  001  AMPLITUDE  RESPONSE;  S-BAND 
VH  POLARIZATON,  0-DEGREE  ROLL 

D-24 

D-24 

VEHICLE  001  PHASE  RESPONSE;  S-BAND,  VH 
POLARIZATION,  0-DEGREE  ROLL 

D-25 

D-25 

VEHICLE  001  AMPLITUDE  RESPONSE;  S-BAND, 
POLARIZATION,  60 -DEGREE  ROLL 

W 

D-26 

D-26 

VEHICLE  001  PHASE  RESPONSE;  S-BAND,  VV 
POLARIZATION,  60-DEGREE  ROLL 

D-27 

D-27 

VEHICLE  001  AMPLITUDE  RESPONSE;  S-BAND, 
HH  POLARIZATION,  60-DEGREE  ROLL 

D-28 

D-28 

VEHICLE  001  PHASE  RESPONSE;  S-BAND,  HH 
POLARIZATION,  60-DEGREE  ROLL 

D-29 
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D-29 

VEHICLE  001  AMPLITUDE  RESPONSE;  S-BAND, 
7r/4  V4  POLARIZATION,  60-DEGREE  ROLL 

D-30 

VEHICLE  001  PHASE  RESPONSE;  S-BAND,  */4 

POLARIZATION,  60-DEGREE  ROLL 

1 

D-31 

VEHICLE  001  AMPLITUDE  RESPONSE;  S-BAND, 
VH  POLARIZATION,  60-DEGREE  ROLL 

; JH 

j fl( 

1 

D-32 

VEHICLE  001  PHASE  RESPONSE;  S-BAND,  VH 
POLARIZATION,  60-DEGREE  ROLL 

1 ^ 

D-33 

VEHICLE  001  AMPLITUDE  RESPONSE;  C-BAND, 
VV  POLARIZATION,  0 -DEGREE  ROLL 

I, 

D-34 

VEHICLE  001  PHASE  RESPONSE;  C-BAND,  W 
POLARIZATION,  0- DEGREE  ROLL 

u 
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; S. 
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D-35 

VEHICLE  001  AMPLITUDE  RESPONSE;  C-BAND, 
HH  POLARIZATION,  0-DEGREE  ROLL 

D-36 

VEHICLE  001  PHASE  RESPONSE,  C-BAND,  HH 
POLARIZATION,  0-DEGREE  ROLL 

H 

? ?. 

D-37 

VEHICLE  001  AMPLITUDE  RESPONSE;  C-BAND, 
ff/4  »/4  POLARIZATION,  0-DEGREE  ROLL 

f ¥ 
: i 

:l 

D-38 

VEHICLE  001  PHASE  RESPONSE;  C-BAND,  w/4 
POLARIZATION,  0-DEGREE  ROLL 

$.g 

t 

t y 

/'} 

D-39 

VEHICLE  001  AMPLITUDE  RESPONSE;  C-BAND, 
VH  POLARIZATION,  0-DEGREE  ROLL 

5 l 

f , 
■■  ‘ 

D-40 

VEHICLE  001  PHASE  RESPONSE;  C-BAND,  VH 
POLARIZATION,  0-DEGREE  ROLL 

' l 

D-41 

VEHICLE  001  AMPLITUDE  RESPONSE;  C-BAND, 
W POLARIZATION,  60-DEGREE  ROLL 

1 

D-42 

VEHICLE  001  PHASE  RESPONSE;  C-BAND,  VV 

POLARIZATION,  60-DEGREE  ROLL 
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D-43 

VEHICLE  001  AMPLITUDE  RESPONSE;  C-BAND, 
HH  POLARIZATION , 60-DEGREE  ROLL 

D-44 

D-44 

VEHICLE  001  PHASE  RESPONSE;  C-BAND,  HH 
POLARIZATION,  60-DEGREE  ROLI, 

D-45 

D-45 

VEHICLE  001  AMPLITUDE  RESPONSE;  C-BAND, 
tt/4  */4  POLARIZATION,  60-DEGREE  ROLL 

D-46 

D-46 

VEHICLE  001  PHASE  RESPONSE;  C-BAND,  • ?r/4 
POLARIZATION,  60-DEGREE  ROLL 

77/4 

D-47 

D-47  VEHICLE  001  AMPLITUDE  RESPONSE;  C-BAND, 

VH  POLARIZATION,  60-DEGREE  ROLI, 

D-48  VEHICLE  001  PHASE  RESPONSE;  C-BAND,  VH 

POLARIZATION,  60-DEGREE  ROLL 

E-l  RADCAT  TARGET  GEOMETRY 

E-2  TRANSFORMATION  OF  COORDINATES 

F-l  HALF- SCALE  MODEL  AMPLITUDE  RESPONSE;  S-BAND, 

W POLARIZATION 


D-48 

D-49 

E-2 

E-2 

F-2 


F-2 

HALF- SCALE  MODEL 
W POLARIZATION 

PHASE  RESPONSE;  S-BAND, 

F-3 

F-3 

HALF- SCALE  MODEL 
HH  POLARIZATION 

AMPLITUDE  RESPONSE;  S-BAND, 

F-4 

F-4 

HALF- SCALE  MODEL 
HH  POLARIZATION 

PHASE  RESPONSE;  S-BAND, 

F-5 

F-5 

HALF-SCALE  MODEL  AMPLITUDE  RESPONSE;  S-BAND, 
*/4  rr/ 4 POLARIZATION 

F-6 

F-6 

HALF- SCALE  MODEL  PHASE  RESPONSE:  S-BAND, 
77/4  77/4  POLARIZATION 

F-7 

F-7 

HALF- SCALE  MODEL 
VH  POLARIZATION 

AMPLITUDE  RESPONSE;  S-BAND, 

F-8 
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HALF-SCALE  MODEL  PHASE  RESPONSE;  S-BAND,  VH 
POLARIZATION 
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W POLARIZATION 
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HALF- SCALE  MODEL  PHASE  RESPONSE;  C-BAND, 
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HH  POLARIZATION 
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SECTION  1 


INTRODUCTION  AND  SUMMARY 

1.1  INTRODUCTION 

The  Convair  Aerospace  Division  of  General  Dynamics  recently 
completed  a radar  cross  section  measurements  program  involving 
the  acquisition  of  a limited  set  of  signatures  of  the  Radar  Cali- 
bration Target  (RADCAT)  Serial  Number  002.  This  program  was  ex- 
pressly designed  to  define,  conduct  and  examine  the  minimum  set 

' 

of  long-pulse  and  short-pulse  measurements  considered  feasible  ; 

! 

for  determining  the  validity  of  using  radar  cross  section  data  pre-  \ 

viously  obtained  on  RADCAT  Vehicle  001  to  represent  the  radar  cross  ' 

% 

section  characteristics  of  RADCAT  Vehicle  002.  Having  performed 
the  original  measurements  on  RADCAT  Vehicle  001  in  1968,  this 
Division  was  in  an  excellent  position  to  reconstruct  as  accurately 
as  possible  the  radar  range  configuration , target  mounting  config- 
uration, and  system  parameters  which  were  employed  during  the  1968  ! 

/ 

measurements  program. 

This  report  documents  the  measurements  performed  on  vehicle 
002,  the  basis  upon  which  the  signatures  from  vehicle  001  and  002 
were  compared,  and  the  conclusions  and  recommendations  which  re- 
sulted from  the  signature  comparison.  Due  to  the  limited  scope  ; 

of  this  program,  the  short-pulse  signatures  corresponding,  to 
vehicle  002  were  not  processed  to  the  same  extent  as  were  those 
recorded  on  vehicle  001.  As  a consequence,  the  comparison  per- 
formed between  the  scattered  response  from  the  two  vehicles  in- 
volved long-pulse  signature  data  exclusively. 
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In  addition  to  presenting  the  measured  long-pulse  and  short- 
pulse  response  of  RADCAT  vehicle  002,  a considerable  volume  of 
ancillary  signature  data  have  also  been  included  in  this  document. 
These  additional  data  correspond  to  selected  measurements  performed 
on  RADCAT  vehicle  001,  and  those  which  were  performed  at  this  fac- 
ility in  1967  on  a 1/2-scale  model  of  the  calibration  target.  The 
purpose  of  including  these  data  is  to  allow  engineering  personnel 
more  closely  associated  with  the  overall  RADCAT  program  to  rede- 
fine, if  they  so  desire,  the  basis  for  determining  the  usefullness 
of  existing  RADCAT  vehicle  001  data. 

1.2  SUMMARY 

The  information  presented  in  this  report  is  intended  to  do- 
cument the  procedures  which  were  employed  to  obtain  high  quality 
long-pulse  and  short-pulse  signature  data  on  RADCAT  vehicle  Serial 
Number  002,  the  basis  upon  which  the  response  from  vehicle  001  and 
vehicle  002  were  compared,  and  the  conclusions  which  were  drawn  as 
they  relate  to  the  similarity  of  scattering  characteristics  between 
the  two  vehicles. 

Section  2 of  this  report  contains  a complete  presentation  of 
all  coherent  long-pulse  data  acquired  on  RADCAT  vehicle  002,  In- 
cluded in  these  data  are  both  the  amplitude  and  phase  response  at 
V/V,  H/H,  45/45,  and  V/H  polarizations  as  measured  at  the  frequencies 
of  1.28,  2.85,  and  5.65  gigahertz.  The  coherent  short-pulse  response 
at  the  measurement  frequency  of  5,65  gigahertz  is  presented  in  the 
form  of  a plot  of  the  calibrated  peak  amplitude  response  versus 
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aspect  angle,  and  relative  phase  (modulo  2?r)  versus  aspect 
angle.  The  short-pulse  amplitude  response  obtained  at  2.4  giga- 
hertz is  also  presented  in  Section  2 in  the  form  of  a plot  of  the 
calibrated  peak  amplitude  response  versus  aspect  angle. 

Section  3 compares  the  long-pulse  response  of  vehicle  002  to 
that  of  vehicle  001.  The  specific  scattering  characteristics 
which  are  compared  are 

1)  Sensitivity  of  target  response  to  change  in  roll  angle 
orientation 

2)  Sensitivity  of  target  response  to  change  in  polarization 

3)  Sensitivity  of  target  response  to  change  in  frequency 

4)  Pattern  symmetry  about  either  end-on  aspect  orientation 

5)  Pattern  symmetry  about  either  broadside  aspect  orientation 
In  order  to  establish  a baseline  for  comparing  one  vehicle  to  the 
other  in  terms  of  these  characteristics,  the  response  from  each 
vehicle  is  separately  compared  to  that  computed  through  the  use  of 
a physical  optics  formulation,  as  well  as  the  scattered  response 
from  a perfectly  conducting  half-scale  RADCAT  model. 

Conclusions  and  recommendations  regarding  the  use  of  sig- 
nature data  available  on  vehicle  001  to  represent  the  .radar  cross 
section  characteristics  of  vehicle  002  are  presented  in  Section 
4.  Since  the  basic  response  pattern  (lobe  structure)  from  each 
vehicle  is  quite  similar,  the  existing  data  library  for  vehicle 
001  may  be  used  to  represent  vehicle  002  subject  to  the  introduc- 
tion of  a bias  level  to  compensate  for  a difference  in  absolute 
radar  cross  section.  It  is  noted,  however,  that  the  value  selected 
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to  compensate  in  the  broadside  region  may  not  provide  acceptable 
compensation  in  the  end-on  region.  An  alternative  to  modifying 
the  vehicle  001  data  is  to  simply  utilize  the  signatures  acquired 
during  this  program  for  future  calibration  purposes. 

Five  appendices  have  been  included  in  this  document  to  sup- 
port the  technical  contents  of  Section  2 through  4.  Appendix  A 
describes  the  radar  systems  and  operational  procedures  employed 
during  the  radar  cross  section  measurement  portion  of  this  pro  gram. 
Appendix  B contains  pertinent  calibration  data,  recorded  background 
levels,  field  probes,  and  system  linearity  data  acquired  prior  to 
target  measurement.  Appendix  C contains  the  long-pulse  reponse 
of  vehicle  001  corresponding  to  measurement  frequencies  of  1.28, 
2.85,  and  5.65  gigahertz,  the  roll  angle  orientations  of  zero  and 
sixty  degrees,  and  transmitter/receiver  polarizations  of  V/V,  H/H, 
45/45,  and  V/H.  Appendix  D consists  of  a complete  listing  of  the 
calibrated  C-band  and  S-band  short-pulse  response  of  vehicle  002 
as  a function  of  aspect  angle.  Appendix  E describes  the  physical 
optics  formulation  utilized  to  compute  the  radar  cross  section 
response  of  an  8-foot  cylinder  with  2*.  1 oblate  spheriodal  ends, 
and  Appendix  F contains  the  S-,  C-,  and  X-band  long-pulse  response 
of  a perfectly  conducting  half-scale  RADCAT  vehicle  model. 
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RADCAT  VEHICLE  002  MEASURED  RESPONSE 

2.1  GENERAL 
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Radar  cross  section  meas  iirements  were  performed  on  the  RADCAT 
Vehicle  Number  002  using  both  long-  and  short-pulse  radar  systems 
which  are  located  on  this  Division's  Radar  Cross  fjection  Range. 
Three  separate  coherent  long-pulse  radars  were  utilized  to  perform 
measurements  at  L-,  S-,  and  C-band  frequencies  of  1.28,  2.85,  and 
5.65  gigahertz  respectively.  Coherent  high-resolution  signatures 
were  obtained  through  the  use  of  a C-band  short-pulse  radar  system 
which  is  characterized  by  a 3-dB  pulse  width  of  approximately  0.8 
nanoseconds  at  .3.65  gigahertz. 

Since  the  measurement  program  conducted  at  the  Convair  Aero- 
space Division  of  General  Dynamics  was  to  be  the  sole  opportunity 
to  acquire  RCS  data  on  this  vehicle  prior  to  launch,  an  additional 
set  of  high  resolution  measurements  were  performed  and  are  submit- 
ted herein.  These  additional  data  correspond  to  signatures  ac- 
quired using  this  Division's  S-band  short-pulse  radar  system  which 
is  characterized  by  a 3-dB  pulse  width  of  1.4  nanoseconds  at  an 
operating  frequency  of  approximately  2.4  gigahertz. 

The  radar  cross  section  signatures  presented  in  this  section 
are  entirely  those  corresponding  to  the  RADCAT  Vehicle  Number  002. 
The  reader  is  referred  to  Appendix  A for  a description  of  the  radar 
systems  which  were  utilized  during  this  program  as  well  as  a sum- 
mary of  pertinent  operational  procedures  which  were  followed  during 
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this  measurement  program.  Analog  recordings  of  calibration,  back- 
ground, and  field  probe  data  may  be  found  in  Appendix  B. 

2.2  LONG-PULSE  MEASUREMENTS 

Coherent  long-pulse  measurements  were  performed  in  accordance 
with  the  measurements  matrix  shown  in  Table  2.1.  Use  was  made  of 
the  triangular  shaped  designator  which  is  located  on  one  end-cap 
of  the  vehicle  in  order  to  establish  both  an  aspect-angle  and  roll- 
angle  reference  orientation.  As  noted  in  the  sketch  of  Figure  2-1, 
zero-degrees  aspect  corresponds  to  a coincident  alignment  of  the 
Radar-Line-of-Sight  (RLOS)  and  the  longitudinal  axis  of  the  vehicle 
such  that  the  triangular  indicator  is  toward  the  radar.  A zero- 
degree  roll  angle  orientation  corresponds  to  a positioning  of  the 
target  such  that  the  triangular  indicator  appears  vertically  above 
the  attachment  assembly  . sixty-degree  roll  angle  is  obtained  by 
rotating  the  vehicle  in  a clockwise  direction. 

Figures  2-2  to  2-49  contain  the  long-pulse  amplitude  and 
phase  response  of  RADCAT  Vehicle  002  for  all  measurement  conditions 
noted  in  Table  2.1,  The  *;jplitude  response  is  shown  calibrated  in 
dBsm;  phase  has  been  calibrated  in  degrees,  modulo  2 n . The  title 
block  in  the  upper  right-hand  corner  of  each  figure  contains  in- 
formation regarding  the  target  roll  angle,  frequency  and  polariza- 
tion at  which  the  measurements  were  taken. 
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TARGET  ORIENTATION  CONVENTION  FOR  LONG- PULSE  MEASUREMENTS 
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Fig.  2-5  VEHICLE  002  PHASE  RESPONSE;  L-BAND, 
HH  POLARIZATION,  0 -DEGREE  ROLL 


Fig.  2-6  VEHICLE  002  AMPLITUDE  RESPONSE;  L-BAND', 
tt/4  tt/4  POLARIZATION,  0 -DEGREE  ROLL 
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Fig.  2-7  VEHICLE  002  PHASE  RESPONSE ; L-BAND, 
tt/4  tt/4  POLARIZATION,  0-DEGREE  ROLL 


Fig.  2-9  VEHICLE  002  PHASE  RESPONSE;  L-BAND, 
VH  POLARIZATION,  0 -DEGREE  ROLL 
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Fig.  2-13  VEHICLE  002  PHASE  RESPONSE;  L-BAND, 
HH  POLARIZATION,  60-DEGREE  ROLL 
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Fig.  2-14  VEHICLE  002  AMPLITUDE  RESPONSE;  L-RAND, 
ir/4  tt/4  POLARIZATION,  60 -DEGREE  ROLL 
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Fig.  2-20  VEHICLE  002  AMPLITUDE  RESPONSE;  S-BAND, 
HH  POLARIZATION,  0 -DEGREE  ROLL 
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Fig.  2-21  VEHICLE  002  PHASE  RESPONSE;  S-BAND, 
HH  POLARIZATION,  0 -DEGREE  ROLL 
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Fig.  2-23  VEHICLE  002  PHASE  RESPONSE,  S-BAND, 
w/ 4 «/ 4 POLARIZATION,  0 -DEGREE  ROLL 
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Fig,  2-24  VEHICLE  002  AMPLITUDE  RESPONSE;  S-BAND, 
VH  POLARIZATION,  0 -DEGREE  ROLL 
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Fig.  2-26  VEHICLE  002  AMPLITUDE  RESPONSE;  S-BAND, 
W POLARIZATION,  60 -DEGREE  ROLL 
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Fig.  2-27  VEHICLE  002  PHASE  RESPONSE;  S-BAND, 
W POLARIZATION,  60 -DEGREE  ROLL 

2-31 


Fig.  2-29  VEHICLE  002  PHASE  RESPONSE;  S-BAND, 
HH  POLARIZATION,  60-DEGREE  ROLL 
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Fig,  2-32  VEHICLE  002  AMPLITUDE  RESPONSE;  S-BAND, 
VH  POLARIZATION,  60-DEGREE  ROLL 
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Fig.  2-33  VEHICLE  002  PHASE  RESPONSE,  S-BAND 
VH  POLARIZATION,  60 -DEGREE  ROLL 


Fig.  2-34  VEHICLE  002  AMPLITUDE  RESPONSP;  C-BAND, 
W POLARIZATION,  0 -DEGREE  ROLL 
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Fig.  2-39  VEHICLE  002  PHASE  RESPONSE;  C-BAND, 
tt/4  w/4  POLARIZATION,  0 -DEGREE  ROLL 
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Fig.  2-41  VEHICLE  002  PHASE  RESPONSE;  C-BAND, 
VH  POLARIZATION,  0 -DEGREE  ROLL 
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Fig.  2-42  VEHICLE  002  AMPLITUDE  RESPONSE;  C-BAND, 
VV  POLARIZATION,  60 -DEGREE  ROLL 
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W POLARIZATION,  60 -DEGREE  ROLL  * 
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Fig.  2-45  VEHICLE  002  PHASE  RESPONSE;  C-BAND, 
HH  POLARIZATION.  60 -DEGREE  ROLL 


Fig.  2-46  VEHICLE  002  AMPLITUDE  RESPONSE;  C-BAND, 
tt/ 4 tt/4  POLARIZATION,  60-DEGREE  ROLL 

2-50 


: 

■ 


!■■■■■: — Z- 

I2522*-^3c=***********,*--“»***  ***■;?' 

22S35sssa=*K*»»«»««»«»w*«*»^***^~ 


iiiiiiilC.ZZm 

— ■— 

IIMIIIK™ 


iiil»SSSS£S55SSSS5SSS2SS 

""’U::::::5ri:^i:nn:ss:::KKStss!: 


■■  MR  RK  «—%•—— 

Hi  gj^ggS-g^sStryi^ 


_._  |jgj 


csxa^Ma. 


SUSsffliiil 


* *rt  cilii«i4.1i  4 

hi.i.j  ■ ..  ... 


J^Muaj 
gg252gJJ^M«n»iw 

B|miniiuuiiMiiiuiiiuuuMH====zn^!!!!nn«n!!uunmmnii 
BnHWHBMiMBUBiiiiHaHUMa^gggggaHHHgginniiinnHH 

mm— m— wmwmw  —a— »«—»«—— — *ii,vh 


Fig.  2-47  VEHICLE  002  PHASE-  RESPONSE;  C-BAND, 
rt/ 4 ir/ 4 POLARIZATION,  60 -DEGREE  ROLL 
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2.3  SHORT-PULSE  MEASUREMENTS 

Coherent  short-pulse  measurements  were  performed  at  5.65 
gigahertz  in  accordance  with  the  measurement  matrix  shown  in 
Table  2.2.  As  noted  in  this  matrix,  the  target  response  was  re- 
corded over  a complete  0-  to  90-degree  aspect  sector  at  both  W 
and  HH  polarization. 

The  readers  attention  is  called  to  the  sketch  in  Figure  2-50 
which  illustrates  the  aspect  angle  convention  which  is  associated 
with  the  short-pulse  recording  system.  Note  in  particular  that 
SO-degrees  aspect  in  the  short-pulse  recordings  system  corresponds 
to  the  270-degree  orientation  as  recorded  by  the  long-pulse  system 
(see  Figure  2-1).  The  designations  for  0-degree  and  180-degree 
orientations  are  consistent  between  the  two  systems,  and  in  each 
case  the  target  orientation  is  changed  by  rotating  in  the  clock- 
wise direction.  This  difference  in  convention  should  be  kept  in 
mind  when  comparing  the  C-Band  long-pulse  and  the  short-pulse  phase 
response  which  nulls  slightly  off  of  zero-degrees  in  aspect. 

Figures  2-51  and  2-52  contain  the  peak  C-band  short-pulse 
amplitude  response  of  vehicle  002  as  measured  at  W and  HH  polari- 
zation respsectively;  data  shown  are  calibrated  in  dBsm.  In  ad- 
to  the  peak  return  from  the  RADCAT  vehicle,  a scattered  return 
from  the  back  shadow  boundary  was  observed  at  each  polarization 
and  has  been  plotted  as  ar2  in  each  of  these  figures.  The  phase 
response  (relative)  corresponding  to  W and  HH  polarization  is 
shown  in  Figures  2-53  and  2-54  respectively. 
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The  data  illustrated  in  Figure  2-55  correspond  to  the  peak 
S-band  amplitude  response  as  measured  at  W and  HH  polarization. 

As  a result  of  the  relatively  short  pulse  width  which  was  achiev- 
ed, the  scattered  return  from  the  back  shadow  boundary  was  still 
resolvable.  This  return,  labeled  as  cr2  , is  also  presented  in 
Figure  2-55  for  comparison  with  the  C-band  response. 

A complete  listing  of  the  calibrated  short-pulse  response 
may  be  found  in  Appendix  C for  both  C-band  and  S-band  measurements. 
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TARGET  ORIENTATION  CONVENTION  FOR  SHORT-PULSE  MEASUREMENTS 


VEHICLE  002  SHORT-PULSE  AMPLITUDE  RESPONSE;  C-BAND,  W POLARIZATION , 0 -DEGREE  ROLL 
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SECTION  3. 


COMPARATIVE  EXAMINATION  OF  RADCAT 


VEHICLE  002  RESPONSE 


3.1  GENERAL 


At  the  time  measurements  were  initiated  on  vehicle  002 , It 


was  generally  suspected  that  the  radar  cross  section  response 


1 


from  vehicle  002  might  exhibit  some  differences  in  scattering 
from  that  of  vehicle  001.  It  was,  in  fact,  the  objective  of  this 

I 

program  to  acquire  sufficient  data  on  vehicle  002  to  document  any 
such  difference  in  the  scattered  response  between  the  first  and 
second  vehicle  and  to  subsequently  recommend  the  degree  to  which 
vehicle  001  measurement  data  could  be  utilized  to  represent  the 
response  from  vehicle  002. 

A comparison  between  the  scattered  response  of  vehicle  001 
and  vehicle  002  is  presented  in  this  section.  In  addition,  a 
further  comparison  is  made,  between  the  response  from  vehicle  002 
and  (1)  the  solution  obtained  from  a Physical  Optics  approximation 
and  (2)  the  measured  response  of  a perfectly  conducting  1/2-scale 
model  of  the  RADCAT  cylindrical  target. 

3.2  COMPARISON  WITH  SELECTED  VEHICLE  001  SIGNATURES 
3.2.1  L-Barzd  Long-Pulse  Measurements 
Figures  3-1  and  3-2  contain  the  long-pulse  response  of  vehicle 
001  corresponding  to  a measurement  frequency  of  1.28  gigahertz  at 
W polarization  for  the  cases  of  0-degree  and  60-degree  target  roll 
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angles  respectively.  These  data  have  been  reproduced  from  a 1967 
report  which  documented  the  RADCAT  Vehicle  001  Measurement  Program 
(Reference  1).  The  response  of  vehicle  002  measured  under  the 
same  conditions  is  shown  in  Figure  3-3  and  3-4  for  comparison. 

The  phase  response  associated  with  the  data  contained  in  Figures 
3-1  and  3-2  may  be  found  in  Appendix  D along  with  the  L-Band  sig- 
natures acquired  at  HH,  ^A  ^A  , and  VH  polarizations.  Similar 
data  were  presented  in  Section  2 for  vehicle  002. 

The  following  cross  section  levels  are  defined  for  ease  in 
comparing  the  dominant  scattering  characteristics  of  vehicle  001 


and  002. 


°eo(0°) 

^0(180°) 

°bs(90°) 

°bs(270°) 

^1(90°) 


end-on  cross  section  at  0-degrees  in  aspect 
end-on  cross  section  at  180-degrees  in  aspect 
broadside  cross  section  at  90-degrees  in  aspect 
broadside  cross  section  at  270-degrees  in  aspect 
average  of  first  sidelobe  peaks  near  90-degrees 
in  aspect 


°s 1(270°)  : average  of  first  sidelobe  peaks  near  270-degrees 
in  aspect 

^eo  : average  end-on  level 
^bs  : average  broadside  level 
«fel  : average  first  sidelobe  level 
Figure  3-5  contains  a succession  of  averages  of  the  above 
cross  section  levels  for  both  vehicles.  In  Matrix  001(a)  of  Figure 
3-5,  a complete  itemization  is  presented  for  each  recorded  end-on. 
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Fig.  3-5  COMPARISON  BETWEEN  001  AND  002  DOMINANT 
SCATTERING  CHARACTERISTICS; L- BAND 


broadside,  and  (first)  sidelobe  level  such  that  each  particular 
polarization  and  roll  angle  response  is  listed  independently. 

Matrix  001(b)  presents  the  average  end-on,  broadside,  and  sidelobe 
levels  for  each  polarization  and  roll  angle  eliminated,  and  matrix 
001(d)  presents  the  average  with  polarization  eliminated.  A simi- 
lar succession  of  data  collapsing  is  presented  for  the  L-Band  re- 
sponse of  vehicle  002. 

The  L-Band  data  illustrated  in  Figure  3-5  may  be  summarized 
as  follows: 

1)  The  dominant  scattering  characteristics  of  each  vehicle 
are  essentially  independent  of  polarization  (W,  HH ,7jP4-'j4) 

2)  The  dominant  scattering  characteristics  of  each  vehicle 
are  essentially  independent  of  roll  angle 

3)  Vehicle  002  is  characterized  by  a response  at  0-degree 
aspect  angle  which  is  higher  than  that  at  180-degree 
aspect  angle  by  approximately  0.4  dBsm 

4)  The  average  end-on,  broadside,  and  (first)  sidelobe  re- 
sponse of  vehicle  001  exceeds  that  of  vehicle  002  by 
2.8,  4.3  and  3.9  dBsm  respectively 

5)  The  response  from  each  vehicle  is  symmetric  about  either 
broadside  orientation 

6)  The  response  from  each  vehicle  is  symmetric  about  either 
end-on  orientation. 
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3.2.2  S-Band  Long-Pulse  Measurements 

The  signatures  contained  in  Figure  3-6  and  3-7  correspond  to 
the  measured  response  of  vehicles  001  and  002  respectively  at  a 
measured  frequency  of  2.85  gigahertz.  The  data  in  each  figure 
represents  the  response  at  vertical  polarization  and  0-degree  tar- 
get roll  angle.  Reference  to  the  signatures  presented  in  Section 
2 and  Appendix  D for  the  response  at  HH  and  n/4  polarization 
and  the  response  at  60-degree  target  roll  angle  will  reveal  that 
the  data  contained  in  Figures  3-6  and  3-7  are  typical  for  the  two 
vehicles  at  S-band. 

The  S-band  data  presented  in  Figure  3-8  is  of  the  same  format 
as  the  L-band  data  in  Figure  3-5.  A summarization  of  the  dominant 
scattering  characteristics  follows: 

1)  The  dominant  scattering  characteristics  of  each  vehicle 
are  essentially  independent  of  polarization  (W,  HH,^  ^4) 

2)  The  dominant  scattering  characteristics  of  each  vehicle 
are  essentially  independent  of  roll  angle, 

3)  Each  vehicle. is  characterized  by  a response  at  0-degree 
aspect  angle  which  is  higher  than  that  measured  at  the 
180-degree  aspect  angle  by  ~ 0.9  dBsm  in  the  case  of  ve- 
hicle 001  and  ~ 0.7  dBsm  in  the  case  of  vehicle  002 

4)  The  average  end-on,  broadside,  and  (first)  sidelobe  re- 
sponse of  vehicle  001  exceeds  that  of  vehicle  002  by 
1.5,  2.7,  and  1.8  dBsm,  respectively 
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5)  T&e  response  from  each  vehicle  is  symmetric  about  either 
broadside  orientation 

6)  The  response  from  only  vehicle  002  is  symmetric  about 
either  end-on  orientation. 

3.2.3  C-Band  Long-Pulse  Measurements 

The  signatures  contained  in  Figures  3-9  and  3-10  correspond 
to  the  measured  response  of  vehicles  001  and  002  respectively  at  a 
measurement  frequency  of  5.65  gigahertz.  The  data  in  each  figure 
represents  the  response  at  vertical  polarization  and  0-degree  tar- 
get roll  angle.  Feference  to  Appendix  D and  the  signatures  pre- 
sented in  Section  2 will  reveal  that  these  data  are  typical  for 
the  two  vehicles  at  C-band. 

The  C-band  data  presented  in  Figure  3-11  is  of  the  same 
format  as  the  S-band  data  in  Figure  3-8.  Summarization  of  the 
dominant  scattering  characteristics  is  as  follows: 

1)  The  dominant  scattering  characteristics  of  each  vehicle 
are  essentially  independent  of  polarization  (W,  HH,i£f  yi) 

2)  The  dominant  scattering  characteristics  of  each  vehicle 
are  essentially  independent  of  roll  angle 

3)  Each  vehicle  is  characterized  by  a response  at  0-degree 
aspect  angle  which  is  higher  than  that  measured  at  the 
180-degree  aspect  angle  by  ~2.2dBsm  in  the  case  of  ve- 
hicle 001,  and  by  ~0.7dBsm  in  the  case  of  vehicle  002 

4)  The  average  end-on,  broadside,  and  (first)  sidelobe  re- 
sponds of  vehicle  001  exceed  the  corresponding  levels 
associated  with  vehicle  002  by  1.2,  4.5,  and  2.7dBsm 
respectively. 

5)  The  response  from  each  vehicle  is  symmetric  about  either 
broadside  orientation. 
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6)  The  response  from  only  vehicle  002  Is  symmetric  about 
either  end-on  orientation. 

3.2.4  Comparison  Overview 

The  data  presented  in  Figures  3-5,  3-8,  and  3-11  and  their 
respective  summaries  have  been  consolidated  in  Table  3-1  for 
ease  in  interpretation.  Pertinent  entries  in  this  table  are  re- 
lated to  (1)  the  sensitivity  of  the  response  of  each  vehicle  to 
changes  in  polarization  and  roll  angle,  (2)  the  degree  to  which 
each  separate  vehicle  exhibits  pattern  and  amplitude  symmetry 
about  end-on  and  broadside  orientations,  and  (3)  the  amount  by 
which  the  dominant  response  characteristics  of  vehicle  001  ex- 
ceed those  of  vehicle  002. 

3.3  SUPPLEMENTARY  COMPARISON  THROUGH  USE 
OF  FULL-SCALE  COMPUTED  AND  1/ 2-SCALE 
MEASURED  SIGNATURES 

In  addition  to  comparing  the  measured  signatures  of  vehicle 
002  with  those  of  vehicle  001,  it  was  desirable  to  establish  a 
common  denominator  to  which  the  response  from  each  vehicle  could 
be  compared  separately.  Two  sources  of  data  were  organized  for 
this  purpose.  The  computed  response  based  on  the  U3e  of  physical 
optics  formed  one  source  of  signatures  for  comparison  with  full 
scale  perfectly  conducting  model  of  the  RADCAT  vehicle  formed  the 
second  source.  Hie  measurements  which  were  performed  on  the  1/2- 
scale  model  were  conducted  furing  1967  by  General  Dynamics  under 
subcontract  to  TRW  Systems  (Reference  2). 
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Table  3.1  SUMMARY  OF  VEHICLE  001/002  COMPARISON 
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Figures  3-12  through  3-14  contain  the  radar  cross  section 

amplitude  «nd  phase  as  computed  by  use  of  the  physical  optics 

radar  approximation  for  frequencies  of  1.23,  2.85,  and  5.65 

gigahertz  respectively.  Attention  is  called  to  the  fact  that 
+j<ut 

'«  was  used  as  the  theoretical  reference  in  computing  the 
scattered  phase  whereas  the  measurement  of  scattered  phase  is 
based  on  the  assumption  of  an  e harmonic  time-variation.  As 


a consequence,  the  computed  phase  variations  will  appear  reversed 
from  those  acquired  through  measurements.  The  reader  is  referred 
to  Appendix  E for  details  of  the  physical  optics  formulation. 

Figures  3-15  through  3-17  contain  the  measured  response 
(at  W polarization)  of  the  1/2-scale  model  of  the  RADCAT  vehicle 
at  frequencies  of  2.56,  5.7,  and  11.3  gigahertz  respectively. 

With  the  addition  of  6-dB  to  each  signature  illustrated,  these 
data  may  be  made  to  correspond  to  full  scale  signatures  at  1.28, 
2.85,  and  5.65  gigahertz,  respectively.  A summarization  is  pre- 
sented in  Figure  3-18  of  the  end-on,  broadside,  and  (first)  side° 
lobe  levels  in  a format  consistent  with  that  used  for  vehicles 
001  and  002.  Reference  is  made  to  Appendix  F for  the  signatures 
of  this  model  corresponding  to  measurements  at  HH  and  rfa  ^ 
polarization. 


Four  significant  observations  may  be  made  regarding  the  com- 
puted signatures  and  those  corresponding  to  measurements  performed 
on  the  perfectly  conducting  RADCAT  model. 
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Fig.  3-14  COMPUTED  LONG-PULSE  RESPONSE;  5.65  GHz 
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Fig.  3-15  HALF-SCALE  MODEL  MEASUREMENTS ; 


Fig.  3-16  HALF-SCALE  MODEL  MEASUREMENTS;  C-BAND 


FREQUENCY  POLARIZATION  ^(0°)j  cr(180°)  °bs(90°) 


3-18  SUMMARY  OF  1/2-SCALE  MODEL  MEASUREMENTS 


1)  The  measured  end-on  response  is  in  excellent  agreement 
with  the  calculated  end-on  response  at  all  three  fre- 


»T5 


It. 


1 


i 


2) 


3) 


4) 


quenci.es.  Inherent  in  this  observation  is  the  fact  that 
the  end-on  return  from  the  2:1  oblate  spheroidal  cap  is 
independent  of  frequency. 

Neither  the  computed  nor  measured  return  from  the  aspect 
sector  near  end-on  (0-  to  40-degrees  in  aspect)  exhibited 
any  irregular  lobing  feature  which  might  suggest  complex 
scattering  from  this  region. 

The  measured  first  sidelobe  peak  is  in  excellent  agree- 
ment with  the  computed  response  with  a maximum  deviation 
of  1.1  dB  occurring  at  5.65  ghz. 

Although  only  fair  agreement  exists  between  the  measured 
and  computed  amplitude  at  broadside,  the  increase  in  the 
measured  broadside  amplitude  with  increase  in  measurement 
frequency  is  in  very  good  agreement  with  the  computed 
response.  That  is  <4'  ~ * l01og(VfJ 


j 

j 
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Figures  3-19  through  3-21  contain  the  L-,  S-,  and  C-Band  response 
of  vehicle  001  at  vertical  polarisation.  The  median  cross  section 
amplitude  response  of  the  scale  model  has  been  superimposed  on 
each  figure  for  comparison.  Similar  data  for  the  case  of  vehicle 
002  are  shown  in  Figures  3-22  through  3-24  for  comparison. 


The  reason  for  presenting  the  supplementary  comparison  between 
the  RADCAT  vehicles  and  (1)  the  calculated  response  based  on  physical 
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COMPARISON  BETWEEN  VEHICLE  002  AND  % SCALE 
MODEL  MEASUREMENTS:  L-BAND 


G<Nt»Ai  6rNAwCS/*0*t  wo*Th 


MODEL  MEASUREMENTS; 


3-24  COMPARISON  BETWEEN  VEHICLE  002  AND  %-SCALE 
MODEL  MEASUREMENTS;  C-IiAND 


I 


'*■  ' 

['  . : 

l , 

optics  and  (2)  the  measured  response  of  a perfectly  conducting 
scale  model  of  the  RADCAT  vehicle  has  been  to  call  attention  to 
a particular  characteristic  of  the  actual  calibration  targets 
which  has  repeatedly  frustrated  attempts  to  resolve  differences 
in  their  radar  cross  section  response.  The  characteristic  re- 
ferred to  is  the  unusual  frequency- dependent  lobing  pattern 
which  is  present  within  + 15  degrees  from  nose-on.  Whereas  nei- 
ther the  computed  response  nor  half-scale  measurements  exhibit 
this  phenomenon,  both,  calibration  targets  do.  In  the  case  of 
vehicle  001,  however,  only  one  end  exhibits  the  lobing  which 
further  frustrates  a comparison  between  vehicles  001  and  002. 

It  was  initially  suspected  that  the  small  threaded  hole  at 
each  end  of  the  vehicle  might  be  the  cause  of  this  variation. 
Measurements  on  vehicle  002  at  C-Band  failed  to  verify  this  as- 
sumption, however,  when  aluminum  tape  placed  over  the  hole  at  one 
end  of  the  target  left  the  pattern  lobing  unaltered.  The  possi- 
bility of  a response  from  the  spheroid-cylinder  joint  of  suffici- 
ent magnitude  to  cause  the  lobing  was  also  eliminated  as  a result 
of  its  not  being  detected  by  use  of  the  C-band  short-pulse 
measurements . 

With  the  above  possibilities  eliminated,  it  would  appear  that 
the  dielectric  ’^d/or  conductive  coating  is  the  contributive  cause 
for  the  observed  L i>ing  phenomenon.  The  fact  that  vehicle  001  was 
measured  within  months  of  application  of  the  coating  while  vehicle 
002  was  "on  the  sh<u£"  for  several  years  prior  to  measurement  is 
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somewhat  in  support  of  this  reasoning  since  vehicle  001  exhib- 
ited the  highest  radar  cross  section.  The  implementation  here 
is  that  the  electrical  properties  of  the  coating  on  vehicle  002 
may  have  undergone  a change  as  a result  of  outgassing,  crystal- 
lization, etc.,  during  the  past  several  years.  This  would  not 
explain  why  one  end  of  each  vehicle  exhibits  a higher  cross-sec- 
tion than  the  opposite  end.  If  one  end  received  higher  loads 
than  the  other  end  during  structural  testing,  however,  a slight 
flattening  of  one  end  would  cause  a larger  radar  cross  section. 


This  page  intensionally  left  blank 
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SECTION  4 

CONCLUSIONS  AND  RECOMMENDATIONS 

The  following  conclusions  are  based  on  comparisons  made  in 
Section  2 between  the  signatures  of  vehicle  001  and  vehicle  002, 
as  well  as  the  comparisons  between  the  signatures  of  each  RADCAT 
vehicle  and  those  of  (1)  a 1/2-scale  model  of  the  basic  vehicle, 
and  (2)  the  response  computed  using  the  physical  optics  formulation. 

I)  The  radar  cross  section  response  from  both  vehicle  001 
and  vehicle  002  exhibits  a lobing  pattern  near  end-on 
aspect  angles  which  was  not  exhibited  by  1/2-scale  model 
measurements  nor  predicted  by  computations.  As  a consequence, 
it  may  be  concluded  that  the  dielectric  coating  of  the 
full-scale  vehicle  has  a greater  influence  on  its  scat- 
tering characteristics  than  was  originally  expected. 

II)  RADCAT  Vehicle  002  is  better  suited  for  use  as  a cali- 
bration target  than  was  vehicle  001  due  to  its  (identi- 
cally) symmetrical  response  at  either  of  its  end-on 
orientations,  • 

III)  Although  the  radar  cross  section  amplitude  response  of 
vehicle  002  is  measurably  less  than  that  of  vehicle  001, 
the  two  vehicles  exhibit  almost  identical  radar  cross 
section  patterns  in  the  aspect  sector  defined  by 
-9O°<0  <90°  . As  a result,  the  signature  library  for 


mxexm Bssmaesae 


vehicle  001  could  be  made  representative  of  the 
response  from  vehicle  002  with  proper  selection 
of  a bias  level  to  be  applied  to  the  vehicle 
001  library. 

IV)  The  high  degree  of  similarity  observed  between  the  re- 
sponse of  vehicle  002  at  0-degree  roll  angle  and  60- 
degree  roll  angle  is  sufficient  to  characterize  this 
vehicle  as  being  insensitive  to  roll  angle  orientation. 
Note  that  for  purposes  of  comparison  a 360-degree  rotation 
in  azimuth  at  a 60-degree  roll  angle  configuration 
is  equivalent  to  a 180-degree  rotation  in  azimuth  at  60- 
degree  roll  and  a 180-degree  rotation  in  azimuth  at  240- 
degree  roll. 

The  following  two  recommendations  are  submitted  for  consider- 
ation. Since  either  recommendation  would  result  in  a data  library 
suitable  for  radar  cross  section  calibration , the  particular  choice 
of  action  must  be  based  on  convenience  and  compatibility  with  the 
overall  RADCAT  program. 

V)  As  per  item  III,  the  existing  data  library  for  vehicle 

001  could  be  utilized  to  represent  the  radar  cross  section 
characteristics  of  vehicle  002.  Selection  of  a fixed  bias 
level  to  be  applied  to  these  data  however,  would  necessi- 
tate defining  either  the  end-on  region  or  the  broadside 
region  as  most  important. 
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VI)  Although  the  volume  of  data  (long-pulse)  acquired  on 
vehicle  002  during  this  program  is  but  one- third  that 
acquired  previously  on  vehicle  001,  it  is  considered 
quite  adequate  to  describe  its  radar  cross  section  scat- 
tering characteristics.  It  could,  therefore,  replace 
the  existing  signature  library  on  vehicle  001  and  thus 
serve  unchanged  as  the  source  of  calibration  data. 
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APPENDIX  A 

RADAR  SYSTEM  DESCRIPTION 
A.l  MEASUREMENTS  SYSTEMS 

Four  separate  radar  systems  were  utilised  during  the 
performance  of  the  program  measurements.  Coherent  long- 
pulse  radars  were  used  to  obtain  L-band,  S-band,  and  C-band 
amplitude  and  phase  data.  Short-pulse  measurements  were 
obtained  through  the  use  of  a coherent  C-band  system  which  ; 
provided  both  amplitude  and  phase  data  on  the  RADCAT  Vehicle. 

A. 1.1  Coherent,  Long- Pulse  Radar  Systems 

Each  radar  system  is  composed  of  instrumentation  capable  1 

of- obtaining  long-pulse  amplitude  and  phase  measurements.  ■ \ f 

Traveling  wave  amplifiers  are  used  as  transmitters  for  fre- 
quencies from  150  to  12,000  megahertz.  The  transmitting 
chain  typically  consists  of  a master  oscillator  followed  by 
two  stages  of  TWT  amplification  with  an  output  of  approxi-  - 
mately  one  kilowatt. 

As  shown  in  Figure  A-l,  the  received  signal  is  mixed 
with  a local  oscillator  signal  to  obtain  a 60-megahertz  IF  5 
signal.  Following  the  IF  amplifier  is  a range-gate  circuit 

i 

which  allows  only  echos  at  the  desired  target  range  to  be 
gated  through  the  receiver.  The  gated  pulses  are  detected 
and  stretched  in  a boxcar  circuit  to  provide  an  output  volt- 
age *vrtiich  is  proportional  to  the  strength  of  the  echo  signal. 

A-l 

I 

t 


Fig.  A-l  COHERENT  LONG  PULSE  AMPLITUDE  AND  PHASE  MEASURING  SYSTEM 


A standard,  60-megahertz,  pulsed  signal  Is  Injected 
Into  the  IF  system  at  a time  sufficiently  delayed  after  main 
bang  that  no  target  echos  are  received.  This  pulsed  signal 
is  fed  through  a precision,  servo-driven  attenuation  to  the 
input  of  the  IF  system.  The  range  gate  and  boxcar  circuits 
act  on  this  pulsed  signal  in  the  same  way  as  they  act  on  the 
target  echo  signal.  The  resultant  output  of  the  boxcar  cir- 
cuit is  a rectangular  wave  if  the  amplitude  of  the  echo  is 
not  equal  to  the  amplitude  of  the  reference  signal.  The 
amplitude  of  the  rectangular  wave  is  proportional  to  the 
difference  between  the  amplitudes  of  the  echo  and  the  stan- 
dard signals. 

This  rectangular  wave  is  fad  to  an  error  detector  cir- 
cuit in  which  it  is  demodulated  and  used  to  generate  a 
correction  voltage  that  is  proportional  to  the  amplitude 
difference  between  the  echo  and  the  standard  signals.  This 
correction  voltage  is  fed  to  the  servo  motor  which  drives 
the  precision  reference  attenuator  until  the  amplitudes  of 
the  standard  and  target  echo  signals  are  equal.  When  the 
servo  system  is  balanced,  as  a result  of  this  action,  the 
shaft  position  of  the  reference  attenuator  represents  an 
accurate  indication  of  the  received  signal.  Use  of  this 
technique  avoids  the  nonlinearities  of  AGC  recording  systems 
and  the  instabilities  of  CW  systems  and  provides  a linear, 
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accurate  means  of  measuring  radar  cross  section  directly  in 
decibels  referenced  to  one  square  meter  over  a dynamic  range 
of  50  dB.  Potentiometers  and  digital  shaft  encoders  are 
connected  to  the  referenced  attenuator  drive  shaft  to  permit 
the  analog  and  digital  readout  of  the  radar  cross  section 

! 

(sigma) . 

A. 1.2  Coherent,  Short-Pulse  Radar  Systems 

The  Fort  Worth  facility  has  conducted  numerous  short- 
pulse  measurement  programs  which  have  demonstrated  the  value* 
of  high-resolution  measurements  in  isolating  dominant  sources 
of  scattering.  The  Fort  Worth  facility  currently  operates 
short-pulse  radars  at  UHF-,  S-,  C-,  and  X-be.nd . . The  measure- 
ment system  described  in  the  following  paragraphs  corresponds 
to  the  existing  C-band  capability  which  was  utilized  during 
this  program  to  obtain  coherent  short-pulse  data  on  the 
RADCAT  Vehicle. 

A block  diagram  of  the  C-band  short-pulse  system  is  shown 
in  Figure  A-2.  The  transmitted  waveform  is  generated  by  modu- 
lating the  output  of  a stable  microwave  source  with  a pulse 
duration  of  approximately  0.8  nanoseconds.  The  waveform  is 
amplified  by  a 60  dB  gain  1 KW  output  TWT.  Depending  upon 
the  polarization  requirements,  either  one  or  two  offset  para- 
bolic antenna  are  utilized  to  avoid  the  multiple  reflections 
associated  with  most  antennas.  A circulator  is  normally  used 
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BLOCK  DIAGRAM  OF  C-BAND  SHORT-PULSE  SYSTEM 


to  separate  the  transmit  and  receive  signals  i£  a single 
antenna  is  utilized.  The  receiver  consists  of  a wideband 
low  noise  TWT  and  dual-char.nel  C-band  sampling  oscilloscope. 
The  two  channels  of  the  sampling  scope  obtain  nearly  simul- 
taneous samples  of  the  C-band  reference  oscillator  output  and 
received  waveform.  Alternate  transmitted  pulses  are  received 
and  sampled  coincident  with  the  RF  reference  shifted  by  90 
degrees  in  order  to  obtain  the  quadrature  component.  The 
sampling  scope  provides  output  samples  at  the  FRF  rate  that 
are  separated  into  in-phase  and  quadrature  components.  These 
components  are  derived  from  the  sample  data  by  a correlation 
processor.  The  output  is  also  envelope  detected  to  form  an 
output  linear  with  input  voltage.  These  data  corresponding 
to  range,  amplitude,  in-phase,  and  quadrature  components  are 
recorded  simultaneously  on  an  analog  strip  chart  and  digital 
magnetic  tape.  A typical  target  signature  obtained  at  a 
fixed  aspect  angle  will  be  digitized  over  a 40  ns  (20  foot) 
interval  at  less  than  0.1  ns  intervals.  Thus,  the  fine 
structure  of  the  received  signature  is  retained.  A typical 
amplitude  signature  on  the  strip  chart  recorder  is  shown  in 
Figure  A-3.  This  signature  was  obtained  thiough  use  of  the 
X-band  system.  Tiie  recorded  X-band  waveform  is  typically  0.6 
ns  wide  at  the  3-dB  point  and  has  no  time  sidelobes  above 
-27  dB,  The  system  dynamic  range  is  typically  20  dB  on  the 


A-6 


ROTATOR 


envelope  detected  data  and  approximately  30  dB  for  the  coher- 
ent channels.  Measurements  obtained  at  successive  attenuation 
levels  provide  a means  of  achieving  an  essentially  unlimited 
dynamic  range  of  measurements. 

A. 2 CALIBRATION 

The  radar  cross  section  data  obtained  from  measurements 
must  be  calibrated  in  order  to  determine  the  absolute  magni- 
tude to  the  cross  section.  The  calibration  procedure  estab- 
lished at  the  Fort  Worth  facility  is  based  on  the  use  of 
an  accurate  reference  level  derived  from  a target  of  known 

i 

cross  section.  During  all  measurement  programs,  precision 
spheres  are  used  as  the  primary  standard  to  establish  system 
calibration. 

To  calibrate  the  long-pulse  radar  system,  a standard, 
precision ■ sphere  is  positioned  in  the  radar  beam  at  the 
location  which  will  be  subsequently  occupied  by  the  unknown 
target.  The  range  gate  is  then  positioned  over  the  return 
from  the  sphere,  and  the  values  of  cross  section  are  recorded 
as  the  sphere  is  rotated  360  degrees  in  azimuth.  The  range 
gate  is  then  positioned  over  the  return  from  a corner  reflec- 
tor which  is  installed  at  a range  which  is  not  included  in 
die  target  range  gate.  The  return  from  this  reflector  is 
recorded  on  the  same  plot  as  the  return  from  the  sphere. 

The  cross  section  level  of  the  corner  reflector  is  then 


assigned  a value  in  dB  relative  to  one  square  meter  based 
on  its  relationship  to  the  cross  section  of  the  sphere. 

When  the  sphere  is  subsequently  replaced  by  the  target  of 
interest,  the  return  from  the  comer  reflector  is  used  to 
calibrate  the  system.  Each  measurement  is  subsequently 
calibrated  through  a comparison  with  the  cross  section 
level  of  the  corner  reflector.  A comparison  is  made  just 
prior  to  and  immediately  after  the  target  measurement  in 
order  to  ensure  that  there  is  no  short-term  drift  in  the 
radar  system.  The  corner  reflector  calibration  is  checked 
on  a daily  basis  by  replacing  the  standard  sphere  for  com- 
parison. This  ensures  that  there  is  no  long-term  drift  in 
the  amplitude  and  phase  response  of  the  system. 

An  extensive  calibration  procedure  is  utilized  to  insure 
the  validity  of  all  short-pulse  data.  A calibration  of  ampli- 
tude and  phase  linearity,  time-base  stability  (range  accuracy) 
and  RCS  are  recorded  on  magnetic  tape  prior  to  and  following 
each  measurement  sequence.  The  calibration  also  includes  a 
documentation  of  pulse  shape,  time  sidelobes,  and  the  abso- 
lute value  of  RCS  by  measurements  performed  on  a large  (fre- 
quency insensitive)  sphere.  Field  probes  and  system  stabil- 
ity are  verified  periodically.  In  addition,  a delayed  sample 
of  the  transmitted  waveform  is  injected  into  the  receiver 
near  the  leading  portion  of  oach  recorded  range  gate  to  serve 
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as  amplitude,  phase  and  range  reference,  thus  providing  an 
essentially  closed  loop  operation* 

Calibration  of  the  short-pulse  radar  system  requires 
the  establishment  of  (1)  a time  reference,  (2)  a system 
phase  and  amplitude  reference,  and  (3)  acceptable  pulse- 
width  and.  time  sidelobe  characteristics.  The  time  base  is 
established  through  the  use  of  an  ultra  stabel  ene-gHz 
reference  oscillator.  Appropriate  system  parameters  are 
commonly  adjusted  to  provide  a 2-nanosecond  time  interval 
(l~foot  in  range)  per  centimeter  on  an  analog  strip  chart 
recorder.  A precision  sphere  positioned  in  the  main  beam 
at  the  location  which  will  subsequently  be  occupied  by  the 
target  is  utilized  as  the  primary  calibration  standard;  and 
a dipole,  located  near  the  target  region,  or  an  injected 
signal  serves  as  the  secondary  reference  for  use  during  the 
acquisition  of  actual  target  data. 

The  system  amplitude  response  is  determined  by  record- 
ing, in  1-dB  attenuated  increments,  the  return  from  the 
reference  sphere.  These  data  and  subsequent  recordings  of 
the  returns  at  W and  HH  polarizations  from  the  precision 
sphere  and  the  secondary  reference  (both  of  which  are  simul- 
taneously positioned  within  the  same  range  gate)  are  suffi- 
cient to  calibrate  the  dipole  reference.  System  phase 
linearity  is  determined  by  thirty- six  recordings  of  the 
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sphere  return.  Each  recording  is  made  after  an  incremental 
change  of  ten  degrees  has  been  introduced  manually  through 
use  of  a precision  phase  shifter. 

A. 3 MEASUREMENT  PROCEDURES 

The  Fort  Worth  facility  has  extensive  experience  in 
obtaining  high  quality  RCS  measurements  data.  A measure- 
ments procedure  has  been  established  to  ensure  that  quality 
is  obtained  from  both  long-  and  short-pulse  systems. 

Prior  to  pre-calibration,  a number  of  detailed  set-up 
procedures  are  followed  to  obtain  accurate  signature  measure- 
ments from  the  long-pulse  system.  These  include: 

1.  Adjustment  of  the  antenna  heights  and  pointing 
direction  to  obtain  maximum  sensitivity  and  suffi- 
ciently uniform  field  amplitude  and  phase  across 
the  volume  to  be  occupied  by  the  target 

2.  Adjustment  of  the  target  rotator  so  that  the  tar- 
get motion  in  the  radar  beam  is  in  accordance  with 
the  desired  orientations 

3.  Use  of  all  possible  means  to  reduce  the  cross 
section  of  the  target  support,  the  target  rotator, 
and  the  other  back-scattering  mechanisms  which 
might  be  located  in  the  target  range  gate. 


The  antenna  heights  are  adjusted  so  that  the  target  is 
located  in  the  first  lobe  of  the  radar  interference  pattern. 
An  initial  height  estimate  is  >btained  from  the  relation 

HA  - RX/4Hij 

where 

- antenna  height 
Ht  * target  height 
R * range  to  target 

X » wavelength  at  the  measurement  frequency 
Final  adjustment  is  achieved  by  maximizing  the  return  from 
a calibration  target  which  is  located  at  the  position  which 
is  subsequently  occupied  by  the  target. 

The  uniformity  of  the  field  in  the  target  area  is  de- 
termined by  raising  a calibration  probe  (usually  a sphere 
or  corner  reflector)  through  the  region  where  the  target 
will  be  located  and  recording  the  signal  return  as  a func- 
tion of  the  height  of  the  probe. 

The  tilt  angle  of  the  rotator  is  adjusted  so  that  the 
radar  cross  section  levels  of  both  sides  of  a flat  plate 
are  identical.  Use  of  this  action  assures  that  the  target 
will  rotate  in  the  plane  of  the  radar  beam,  which  generally 
is  no„  exactly  parallel  to  the  ground. 

The  background  cross  section  may  be  reduced  (1)  by 
tuning  the  support  column  by  means  of  small  changes  in 
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frequench  so  that  the  reflections  from  the  front  and  back  of 

t 

the  column  cancel  (if  this  technique  is  acceptable)  or 
(2)  by  physically  changing  the  column  size.  The  column 
may  also  be  tilted  to  obtain  a very  low  background  over 
most  aspect  angles.  Specular  returns  from  columns  are 
generally  positioned  so  that  they  correspond  to  the  region 
of  largest  target  cross  section. 

A typical  short-pulse  measurement  procedure  includes 
all  aspects  of  the  set-up  procedures  utilized  in  preparing 
for  long-pulse  measurements  as  well  as  (1)  pre-calibration, 
(2)  target  mounting,  (3)  target  measurement,  and  (4)  post 
calibration. 

The  performance  characteristics  of  the  short-pulse 
system  and  the  data  parameters  are  documented  during  the 
pre-calibration  phase  by  recording  a reference  1-gHz  time- 
base  signal  as  well  as  the  amplitude,  phase,  and  pulse-shape 
characteristics  measured  through  use  of  a large  sphere 
which  is  mounted  on  the  styrofoam  target  support.  All 
parameter  tolerances  are  defined  and  evaluated  under  opera- 
tional conditions,  i.e.,  through  use  of  a mounted  calibra- 
tion target.  When  vertical  and  horizontal  polarizations 
are  utilized,  calibration  of  radar  cross  section  is  accom- 
plished by  relating  the  known  radar  cross  section  of  the 


sphere  to . the  stationary  reference  return  which  is  posi- 

■ I,  ' 

tioned  near  the  leading  edge  of  the  range  gate. 

When  cross-polarization  is  utilized,  the  calibration  of 
radar  cross  section  is  referenced  to  the  radar  cross  section 
of  a dipole  which  is  mounted  at  a tilt  angle  of  45  degrees. 
The  radar  cross  section  of  this  dipole  is  identical  in  ver- 
tical, horizontal,  and  cross-polarization.  The  calibrated 
reference  return  is  recorded  near  the  beginning  of  each  and 
every  sweep  in  a data  run  in  order  to  provide  a range,  phase, 
and  RCS  standard  at  each  aspect  angle.  A delayed  sample  of 
the  transmitted  waveform  is  utilized  at  higher  attenuation 
levels  instead  of  the  dipole. 
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APPENDIX  B 

BACKGROUND  AND  CALIBRATION  MEASUREMENTS 

The  data  presented  in  this  appendix  correspond  to  per- 
tinent long-pulse  and  short-pulse  system  calibration  measure- 
ments which  were  performed  prior  to  measurement  of  RADCAT 
Vehicle  002. 

The  analog  plots  shown  in  Figure  B-l  through  B-30  con- 
tain background  and  calibration  data  which  were  acquired 
prior  to  long-pulse  target  measurements.  Data  related  to 
the  waveform  characteristics  of  the  C-band  and  S-band  short- 
pulse  measurement  systems  are  shown  in  Figures  B-31  through 
B-35 . 
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B-2  FLAT  PLATE  RESPONSE 


Fig.  B-3  AMPLITUDE  LINEARITY,  C-BAND 


PHASE  LINEARITY,  C-BAND 


Fig.  B-5  CALIBRATION  SPHERE  PHASE  RESPONSE,  C-BAND 


Fig.  B-6  AMPLITUDE  CALIBRATION,  W POLARIZATION 


AMPLITUDE  CALIBRATION,  HH  POLARIZATION, 


AMPLITUDE  CALIBRATION,  45/45  POLARIZATION,  C-RAND 


B-9  ANTENNA  PURITY 


Fig.  B-10  DIPOLE  CALIBRATION 


POLARIZATION 


BACKGROUND,  HH  POLARIZATION 


Fig.  B-13  BACKGROUND,  45/45  POLARIZATION,  C-BAND 
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Fig.  B-14  BACKGROUND,  V/H  POLARIZATION, 


PROJECT 


AMPLITUDE  CALIBRATION,  W POLARIZATION,  S-BAtD 


Fig.  B-17  AMPLITUDE  CALIBRATION,  HK  POLARIZATION 


DIPOLE  CALIBRATION 


B-20  BACKGROUND,  W POLARIZATION 


BACKGROUND,  HH  POLARIZATION, 


Fig.  B-22  BACKGROUND,  45/45  POLARIZATION 
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Fig.3B-23  HORIZONTAL  FIELD  PROBE,  LONG-PULSE,  L- BAND 


AMPLITUDE  CALIBRATION,  W POLARIZATION,  L-BAND 


AMPLITUDE  CALIBRATION.  HH  POLARIZATION, 
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CAIIBRATION,  45/45  POURIZATION, 


Fig.  B-27  DIPOLE  CALIBRATE)  N, 


BACKGROUND,  W POLARIZATION, 


Fig.  B-29  BACKGROUND,  HH  POLARIZATION 
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B-30  BACKGROUND,  45/45 
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32  C-BAND  PULSE  SHAPE  AND  TIME  SI DELOBES 
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Fig.  B-33  C-BAND  SHORT-PULSE  SYSTEM  LINEARITY 
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APPENDIX  C 


DATA  LISTING  FOR  SHORT-PULSE  MEASUREMENTS 

The  data  contained  in  this  appendix  correspond  to  the 
calibrated  peak  radar  cross  section  response  o£  RADCAT 
Vehicle  002  as  measured  through  the  use  of  this  Division's 
C-band  and  S-band  short-pulse  radar  systems.  The  peak 
amplitudes  observed  at  each  measurement  aspect  angle  have 
been  calibrated  in  dBsm;  the  corresponding  relative  phase 
(C-band  only)  has  been  calibrated  in  degrees,  module  2i r. 

In  the  listings  that  follow,  Q designates  the  aspect 
angle  orientation  of  the  vehicle,  <r  designates  the  peak 
radar  cross  section  amplitude  response,  and  ^designates 
the  phase  response. 
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Coherent  Short-Pulse  Response 
W Polarization 
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APPENDIX  D 

VEHICLE  001  LONG-PULSE  SIGNATURES 

The  signatures  contained  In  this  appendix  correspond  to 
the  long-pulse  amplitude  and  phase  response  of  Vehicle  001 
at  zero-degree  and  sixty-degree  target  roll  angle  orienta- 
tion. Measurements  performed  at  L-band,  S-band,  and  C-band 
frequencies  and  transmitter/receiver  polarizations  of  V/V, 
H/H,  7r/4/7r/4,  and  V/H  are  presented  herein.  These  data  have 
been  reproduced  from  an  earlier  report  which  documented  the 
measurements  performed  on  Vehicle  001  (Reference  1).  The 
readers  attention  is  called  to  the  title  block  appearing  in 
the  upper'  right-hand  corner  of  each  analog  trace  for  perti- 
nent meacur»r.u;ent  parameters. 
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Fig.  D-6  VEHICLE  001  PHASE  RESPONSE;  L-BAND, 
tt/4  tt/4  POLARIZATION,  0 -DEGREE  ROLL 
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Fig.  D-10  VEHICLE  001  PHASE  RESPONSE;  L-BAND, 
W POLARIZATION,  60 -DEGREE  ROLL 
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Fig.  D-15  VEHICLE  001  AMPLITUDE  RESPONSE;  L-BAND, 
VH  POLARIZATION,  60-DEGREE  ROLL 
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Fig.  D-16  VEHICLE  001  PHASE  RESPONSE;  L-BAND 
VH  POLARIZATION,  60 -DEGREE  ROLL 
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Fig.  D-19  VEHICLE ,001  AMPLITUDE  RESPONSE;  S-BAND, 
HH  POLARIZATION,  0 -DEGREE  ROLL 
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Fig.  D-20  VEHICLE  001  PHASE  RESPONSE;  S-BAND, 
HH  POLARIZATION,  0 -DEGREE  ROLL 
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Fig.  D-24  VEHICLE  001  PHASE  RESPONSE;  S-BAND, 
VH  POLARIZATION,  0 -DEGREE  ROLL 


Fig.  D-25  VEHICLE  001  AMPLITUDE  RESPONSE;  S-BAND, 
W POLARIZATION,  60-DEGREE  ROLL 
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Fig.  D-30  VEHICLE  001  PHASE  RESPONSE;  S-BAND, 
tt/4  tt/4  POLARIZATION,  60 -DEGREE  ROLL 
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Fig.  D-36  VEHICLE  001  PHASE  RESPONSE;  C-BAND 
HH  POLARIZATION,  0 -DEGREE  ROLL 
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Fig.  D-38  VEHICLE  001  PHASE  RESPONSE;  C-BAND, 
7T/47T/4  POLARIZATION,  0-DEGREE  ROLL 
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APPENDIX  E 


PHYSICAL  OPTICS  FORMULATION 
OF  RADCAT  VEHICLE  RESPONSE 


The  Radar  Calibration  Target  is  basically  composed  of 
an  8-foot  cylinder  with  2:1  oblate  spheroidal  ends;  the 
configuration  and  dimensions  are  illustrated  in  Figure  E-l. 
At  the  spheroid-cylinder  joint  (pm  a,  z “ + i/ 2),  the  gen- 
erator curves  are  continuous  but  have  discontinuous  second 
derivatives.  A plane  wave  impinging  onto  the  target  with 
an  incident  angle  80  with  respect  to  the  z-axis  and  can  be 

expressed,  for  e*wt  harmonic  time  variation,  as 
_i  /f\  jko(zcos0o  + xsih  0O) 

..  Hm'w/Hoe  : 


Without  unnecessary  detail,  the  physical  optics  integral  for 
the  backscattered  magnetic  field  can,  in  general,  be  ex- 
pressed in  the  following  form, 


^ j2ko(zcos0o  + xsin0o) 
n e dS 

(1) 


’ jk0R0 

where  KQ  “ jk0  HQ  e /27rR0,  V is  the  unit  normal  vector 

at  any  point  on  the  scatterer's  surface,  and  denotes  the 
illuminated  surface  of  the  scatterer.  It  can  be  noted  that, 
in  the  case  of  physical  optics  approximations,  the  scattered 
wave  is  always  found  to  have  the  same  polarization  as  the 


- s 

incident  wave.  Therefore,  H /y\(®0)  can  denoted  by 

H(fi0). 

The  illuminated  surface  on  the  target  can  be  conven- 
iently divided  into  the  cylindrical  and  the  oblate  spheroidal 
portions;  therefore,  H(0O)  * H C(0O ) + HqS(0o).  The  solution 
of  the  cylindrical  surface  is  well  known.[3]  and  can  be 

summarized  as  the  following  integral, 

j2/2  tt/2 

/[  j2ko(zcos0o+asin©  cos<£) 

/ cos^e  ' d$  dz 

-i/2  -7r/ 2 


Kq (aisin0Q) 


sinCkoicosSg)  ) 


k0  cos0o 


) 7n 

I J-tt/2 


eJ/3C°S*cos*  d+ 


where  /3  - 2k0a  sin0o.  Since  j3  is  generally  large,  one  can 
use  the  method  of  stationary  phase  to  find  the  asymptotic 


solution  of  the  integral.  Thus, 
" j^o^o 

H_* 

HC(0O) 


H0e 


Tj-rr  R, 


(iVkoasin0o^| 


sin (koicos0o)  ) j (2koasin0o+7r/4) 


koicos0o 


(2) 


Similarly,  if  the  physical  optics  integral  is  applied  to 
the  oblate  spheroidal  ends,  the  scattered  magnetic  field 
becomes 

j2ko(xsin0o -tacos  0O) 


H0S(80)  - Ko  J sir,0o+cos0o}e 

Sila^U-rf/ 


°|' 


dx  dy 


E-3 


where  (z  + -y-)  " + — £—  "ya2-x2-y2,  and  the  + sign  distin- 
guishes each  end  of  the  target.  However,  the  solution  to 
this  integral  is  not  straightforward  primarily  due  to  the 
difficulty  encountered  in  the  determination  of  the  boundary 
of  the  illuminated  area  as  a function  of  aspect  angle  8 . 

For  the  above  reason,  an  alternative  approach  is  taken 
for  the  large,  smooth  scatterer.  In  this  case  the  scatter- 
ing contribution  of  the  oblate  spheroid  is  dominated  by 
that  from  the  specular  point.  It  can  be  3hown  that  the 
specular  point  on  an  oblate  spheroid  occurs  at  the  coordi- 
nant  point  (xs>  zs)  where 


xs  * a 


2 a in  Q0 f\J a.2  sin2  80  + c2  cos 29c 


±-~-  + (c2  cos0o/\/a*sin40o  + cz  cos z90) 


2 2 
I4,  AiMl"  1 


The  problem  can  be  simplified  by  transformations  of  coordi- 
nate systems  by  first  rotating  the  x and  z coordinates 
through  an  angle  90  around  the  y-axis  and  then  translating 
the  new  coordinates  along  the  new  x-axis  an  amount  x^  (see 
Figure  E-2)  by  use  of  the  rotation  given  by 

(a2  - c2)  sin20o 


t A 


xs  - xscos0o-Zssin0o  " + -y  sin$0  + 


2~\/a2sin20o  4-  c2cos20c 


Zg  - xgsin0o4zscos$o  ■ + JL  cos0o  + ~\Ja2ain*90  + c2cos2i9c 


E-4 


and  with  the  translation  given  by 


It  is  clear  that,  with  the  above  transformations,  the 
scattered  magnetic  field  reduces  to. 


it  it  " 

f j2k0z  (x  ,y  ) „ ,, 

Hoc^0>  * Ko  J „ e dx  dy 

Si 


(3) 


This  expression  can  be  recognized  as  the  double  integral 
which  can  be  solved  asymptotically  for  large  k0  through  use 
of  the  method  of  stationary  phase  [4].  First,  the  expression 
for  z"(x",y")  is  expanded  into  a Maclaurin  series  about  the 
specular  point, Jo , 0,  zg  (0,0) j therefore, 


11  «»  11 

2 (x  ,y  ) 


11 

zs 


(0,0)  +§4 

ax 


2 " 

T TTT 

ax  z 


2 " 

azz 


„ " •• 
3x  3y 


2 " 

" " 8zz 


x y + 


3y 


"2 


"2 

Z-l  +... 
2 


Since  the  first  partial  derivatives  are  zero  at  the  specular 
point.  Equation  3 reduces  to 

j2kozs  ( r x"2  "2  1 •»  *1 

Hqs (80)  - e K0i/  „exp M2k0(p  — +rx  y +...)  dx  dy 

Si  1 2 2 J 


where  p,  q,  and  r are  respectively  the  second  partial  deri- 
vatives at  the  specular  point.  By  the  use  of  the  method 
of  stationary  phase,  the  series  can  be  terminated  in  the 
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second  derivative,  and  the  limits  of  integration  can  be  ex- 
tended to  infinity.  Thus,  the  expression  can  be  reduced  to 

32kozs 


Ho  e 

HOs<0o>  " — 


- jk  R 
J 0 o 


2R, 


for  a convex  surface. 

The  term  under  the  square  root  sign  has  a simple  geome- 
trical interpretation.  If  K is  the  Gaussian  curvature  of 

the  surface,  then  K * pq  - r2.  Thus, 

“JkoRo  --  » 

Hos<e0)  - ^ 


2V~tt~  R, 


7T  R]_R' 


j2k0z 


s 


where  R-^  and  R£  are  the  principal  radii  of  curvature  of  the 
oblate  spheroid,  and  R^  can  be  shown  to  be 

a^c2/(a2sin20Q  + c2cos20q)2. 


Hence , 


H0S^n) 
J2k 


o±(- 


”jkoR0  2 

0 e v7  a c 

2VTr~'Rn  a2sin20o  + c2cos20 


^ cos8n  +Va2sin  20„  + c2cos20_J 


(4) 


It  is  interesting  to  note  that  this  is  exactly  the 
geometrical  optics  solution  of  the  oblate  spheroid  with  the 
appropriate  phase  variation  for  the  specular  point.  There- 
fore, for  a large,  smooth  scatterer  with  finite  principal 
radii  of  curvature  the  physical  optics  solution  reduces 
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exactly  to  the  geometrical  optics  result.  It  may  be  men- 
tioned in  passing  that  since  this  solution  is  based  on 
physical  optics  approximation  (thus,  the  W and  HH  components 
are  equal),  this  target  will  not  produce  cross -polarized 
scattered  component  at  any  arbitrary  orientation  to  the 


radar. 
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1/2 -SCALE  MODEL  MEASUREMENTS 

The  signatures  contained  In  this  appendix  correspond 
to  the  long-pulse  amplitude  and  phase  response  of  a 1/2- 
scale  perfectly  conducting  model  of  the  RADCAT  Vehicle. 
Measurements  performed  at  S-band,  C-band,  and  X-band  fre- 
quencies and  transmitter/receiver  polarizations  of  V/V,  H/H, 
7t/4/7t/4,  and  V/H  are  presented  herein.  These  data  have 
been  reproduced  from  an  earlier  report  which  documented 
the  scale  model  measurements  program  (Reference  2).  The 
addition  of  6-dB  to  the  1/2-scale  model  response  at  2.56 
gigahertz  corresponds  to  the  full-scale  model  response  at 
1.28  gigahertz.  Similar  scaling  of  the  signatures  at  5.7 
and  11.3  gigahertz  would  correspond  to  the  full-scale  re- 
sponse at  2.85  and  5.65  gigahertz,  respectively.  The  title 
block  appearing  in  the  upper  right-hand  corner  of  each 
analog  trace  documents  the  measurement  frequency  and  polar- 
ization. 
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Fig,  F-5  HALF-SCALE  MODEL  AMPLITUDE  RESPONSE; 
S-RAND,  tt/4  tt/4  POLARIZATION 


F-6 


Fig.  F-5  HALF-SCALE  MODEL  AMPLITUDE  RESPONSE; 
S-BAND.,  tt/4  tt/4  POLARIZATION 


Fig.  F-6  HALF-SCALE  MODEL  PHASE  RESPONSE; 
.S-BAND,  tt/4  tt/4  POLARIZATION 
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Fig.  F-8  HALF-SCALE  MODEL  PHASE  RESPONSE; 
S-BAND,  VH  POLARIZATION 


Fig.  F-ll  HALF-SCALE  MODEL  AMPLITUDE  RESPONSE; 
C-BAND,  HH  POLARIZATION 
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Fig.  F-22  HALF-SCALE  MODEL  PHASE  RESPONSE; 
X-BAND,  VH  POLARIZATION 
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